Introduction
============

The slow flow phenomenon is defined as a microvascular disorder characterized by slow progression of the opaque substance given during coronary angiography (CAG) toward distal vascular structures without any obstruction in epicardial coronary arteries.[@b1-vhrm-13-255] İnitially, coronary slow flow (CSF) was defined in 1972 and it was claimed that this phenomenon could be induced by anomalies in coronary microcirculation.[@b2-vhrm-13-255] Left and right ventricle biopsies in patients with CSF demonstrate thickening in the capillary endothelium, constriction of the lumen, depletion of normal morphology of the nucleus, and histopathological symptoms of capillary vein diseases such as pycnosis.[@b3-vhrm-13-255],[@b4-vhrm-13-255] Thus, CSF is considered to be a variant of coronary heart disease.

Platelets play a significant role in the formation and progress of atherosclerotic coronary lesions. In empirical atherosclerotic coronary disease models, pre-administration of antiplatelet agents could prevent atherosclerosis development. It has been shown that platelets are more active in patients with acute coronary syndrome compared to healthy controls.[@b5-vhrm-13-255],[@b6-vhrm-13-255]

The mean platelet volume (MPV) test is an indicator of the size of platelets. An increase in MPV value indicates an increase in platelet volume.[@b7-vhrm-13-255] Changes in the volumetric parameters of platelets could have prophylactic or diagnostic significance in thrombotic and pre-thrombotic events.[@b8-vhrm-13-255] Large platelets are more active enzymatically and metabolically than small platelets and produce more thromboxane A2 (TxA2).[@b9-vhrm-13-255] MPV is a physiological variable with hemostatic significance and an indicator of platelet activation. An increase in platelet volume has been reported in acute myocardial infarction, acute cerebral ischemia, and transient ischemic attacks.[@b10-vhrm-13-255] It has also been demonstrated that MPV could be an indicator of platelet activation, which plays an important role in atherosclerosis physiopathology.[@b11-vhrm-13-255] Increased MPV values are considered to closely correlate with primarily acute coronary syndromes and cardiovascular diseases, as well as well-known risk factors such as hypertension (HT), diabetes mellitus (DM), and hyperlipidemia (HL).[@b12-vhrm-13-255]--[@b15-vhrm-13-255]

MPV, an indicator of platelet activation, has an independent effect on the pathophysiology of atherosclerosis in the presence of other risk factors.[@b16-vhrm-13-255] It is one of the platelet function indices that reflects platelet production rate and platelet stimulation. Elevated MPV levels are reported in cardiovascular diseases.[@b17-vhrm-13-255] However, as there are few data regarding the relationship between MPV and CSF, this study was designed to compare the MPV levels of patients with CSF and that of normal controls. Are MPV levels high in CSF? What is the correlation between CSF and MPV? The present study scrutinizes the correlation between MPV and CSF, a variant of coronary heart disease, and determines whether MPV is a predictor for CSF.

Material and methods
====================

Study population
----------------

The study population included 40 patients who had previously undergone angiography in the cardiology clinic of Elaziğ Education and Research Hospital in Elaziğ, Turkey, between January 2013 and December 2014 and who were found to have normal coronary anatomy (NCA), and 40 patients diagnosed with CSF, which was calculated by thrombolysis in myocardial infarction (TIMI) square. A total of 80 patients were included in the study retrospectively and all laboratory and anamnesis information was scanned into their files. The medical records used contained anonymous and de-identified data. The relationship between MPV and CSF was investigated. The study was initiated after obtaining approval of the ethical committee (Presidency of T.C. Firat University Ethics Committee) and was conducted under the regulations determined by the Declaration of Helsinki. The committee did not require that written informed consent be obtained, due to the anonymous nature of the data.

Laboratory measurements
-----------------------

Blood samples (6 mL for full biochemistry, 5 mL for complete blood count) were obtained from the antecubital vein prior to CAG and following a 12 hour fast. Samples were drawn into vacuum tubes containing 15% K3 ethylene diamine tetraacetic acid (EDTA)-anticoagulation tubes (Sarstedt, Essen, Belgium) and analyzed. Hematocrit, hemoglobin, platelets, MPV, and white blood cells (WBCs) were assessed using a Sysmex SE 9500 hematology analyzer (Roche Diagnostics, Mannheim, Germany) according to the manufacturer's instructions. MPV was evaluated using a 3 mL sample of venous blood collected in EDTA-containing anticoagulation tubes. We analyzed the blood samples of all of the groups using an automatic blood counter after half an hour of venipuncture. The half hour waiting period was allowed for the stabilization of platelet shape changes. Glucose, urea, creatinine, total cholesterol, triglycerides, high-density lipoprotein, and low-density lipoprotein (LDL) levels were measured using a chemiluminescence method with a Cobas e-601 autoanalyzer and associated reagents (Roche Diagnostics) according to the manufacturer's instructions.

CAG and assessment of CSF
-------------------------

CAG was performed using the Judkins technique with a Siemens Axiom Artis FC diagnostic device (Siemens Health-ineers, Forchheim, Germany).[@b18-vhrm-13-255] CAG equipment was used and left heart catheterization and right and left coronary angiographies were conducted. Left anterior oblique and cranial, right anterior oblique and caudal and horizontal position CAG records were obtained. During the coronary angiogram, iohexol 350 mg iodine/mL (Amersham Health, Cork, Ireland) was used as the opaque substance. During the procedure, at least 6 mL of the opaque substance was injected into coronaries at each position.

CSF and TIMI frame number
-------------------------

There are two methods of quantifying "slow flow." The first is TIMI flow grade, which scores flow level from TIMI 0 (no flow) to TIMI 3 (normal flow; distal vessel is opacified in ≤3 beats). TIMI 1 flow (penetration without perfusion) is faint antegrade coronary flow beyond the occlusion with incomplete filling of the distal coronary bed. TIMI 2 flow (partial reperfusion) is delayed or sluggish antegrade flow with complete filling of the distal territory. A TIMI 2 flow grade (requiring ≥3 beats to opacify the vessel) has been frequently used to diagnose CSF. The second method is the corrected TIMI frame count, which is the number of frames required for the contrast material to reach a specified distal coronary artery point.[@b2-vhrm-13-255],[@b19-vhrm-13-255],[@b20-vhrm-13-255] A corrected TIMI frame count \>27 frames has been frequently used. The second method is based on images acquired at 30 frames/second, with a correction factor of 1.7 for the left anterior descending (LAD) artery.[@b2-vhrm-13-255] Here, the TIMI frame count method was used to identify patients with CSF. To objectively evaluate coronary blood flow as a numeric variable, the required number of sine frames for the contrast substance to reach the distal end of the LAD artery was accepted as the TIMI frame count. TIMI frame count was calculated on a Siemens Axiom Artis FC diagnostic device (Siemens Healthineers) using Scientific Quantification Coronary Analysis software (Siemens Healthcare Gmbh, Forcheim, Germany). Second CAG images obtained 36--48 hours after the initial diagnosis were used when calculating TIMI frame count and the average of measurements obtained in at least three positions was used. During measurement, the first frame where the contrast substance entered the artery was accepted as the first frame. The frame in which the contrast substance reached the distal end of the LAD coronary artery was accepted as the last frame. Then, the difference between the first and last frames was measured to obtain the TIMI frame count.[@b21-vhrm-13-255] Angiographic assessments were conducted by at least two experienced angiography specialists. For opaque substance measurement and determination of the CSF sample, the TIMI frame count method was used.[@b22-vhrm-13-255] The frame where the opaque substance was introduced to the coronary artery ostium and the coronary artery was visible was accepted as the first frame in which the opaque substance fully enters the artery. This occurs when three criteria are met: 1) a column of nearly full or fully concentrated dye must extend across the entire width of the origin of the artery; 2) the dye must touch both borders of the origin of the artery; and 3) there must be antegrade motion to the dye. The last frame is counted or included as one of the frames and is defined as the frame when the dye first enters the distal landmark branch. Full opacification of the branch is not required. Often, the last frame is best determined by running the cine film past the initial opacification of the endpoint branch and then moving frame-by-frame in reverse until the endpoint branch disappears. To identify the frame in which the dye first appears, care must be taken to advance one frame forward once the dye disappears. The distal point is accepted as the last frame. Distal bifurcation for the LAD artery (known as "mustache," "pitchfork," or "whale's tail"), end of distal bifurcation for circumflex (Cx) artery, and the first side branch of the posterolateral artery for the right coronary artery (RCA) were accepted as distal points. The difference between the first and last frames was accepted as the frame count. Since the distance between proximal and distal bifurcation in the LAD artery is longer than other coronary arteries, LAD TIMI frame count is significantly higher than RCA and Cx TIMI frame counts. Thus, Gibson et al[@b22-vhrm-13-255] divided LAD frame count by the average frame counts obtained from Cx and RCA and found 1.7 constant coefficients to standardize the measurements. As normal frame counts are necessary to fill the coronary arteries and corrected for coronary artery length, mean reference values of 36±1 for LAD, 22.2±4 for Cx, and 20.4±3 for RCA were obtained by Gibson. In the present study, standard two units above these reference values were accepted, and \>38 for LAD, \>30 for Cx, and \>26 for RCA were accepted as CSF.

Exclusion criteria
------------------

Patients with idiopathic thrombocytopenic purpura, obesity (body mass index \>30), sepsis, prosthetic heart valves, acute myeloid leukemia, chronic myeloid leukemia, splenectomy, vasculitis, megaloblastic anemia, acute coronary syndrome, presence of significant hemorrhage, chronic kidney disease, thyroid dysfunction, chronic lung disease, malignant arrhythmia, connective tissue disease, heart failure, and cardiomyopathy were excluded from the study.

Statistical evaluation
----------------------

Statistical analyses were performed using SPSS software, version 15.0 (SPSS Inc., Chicago, IL, USA) for Windows. The Kolmogorov--Smirnov test was used to evaluate whether the variables were normally distributed. Continuous variables were presented as means with standard deviations or medians with 25th--75th percentiles. Categorical variables were represented as numbers with percentages. Continuous data were analyzed by Student's *t*-test for normally distributed variables and Mann--Whitney *U* test for non-normally distributed variables. Categorical data were analyzed using chi-square test or Fisher's exact test. Multivariate regression analysis was performed to determine which clinical variables would independently predict the CSF. CSF was used in the model as a dependent variable. MPV, age, WBC, hematocrit, LDL, glucose, potassium, and creatinine were treated as independent variables. Results were presented as beta coefficients and 95% confidence intervals (CIs). All *p*-values were two-tailed, and values \<0.05 were considered to indicate statistical significance. Receiver operating characteristics (ROC) test was used to assess the sensitivity and specificity of MPV and its optimal cutoff value. Level of significance was set at *p*\<0.05.

Results
=======

There were no statistically significant differences between the CSF and NCA groups based on atherosclerosis risk factor values such as age, gender, HL, smoking, HT, DM, LDL, triglycerides, hemoglobin, hematocrit, glucose, WBCs, Na, urea, creatinine, and K values ([Table 1](#t1-vhrm-13-255){ref-type="table"}). It was observed that MPV values for the CSF group were significantly higher compared to the NCA group (10.05±1.3 and 8.6±0.6, *p*\<0.001) ([Table 1](#t1-vhrm-13-255){ref-type="table"}, [Figure 1](#f1-vhrm-13-255){ref-type="fig"}).

ROC analyses demonstrated that predictive specificity and sensitivity for an MPV \>9.05 measured in CSF patients at application were 77.5% and 77.5%, respectively (area under the curve: 0.825, 95% CI: 0.726--0.924, *p*\<0.0001) ([Figure 2](#f2-vhrm-13-255){ref-type="fig"}).

Multivariate logistic regression analysis results showed that MPV levels, unlike other parameters, were independent predictors of CSF (β=−600, *p*\<0.001, 95% CI: −0.383 to −0.176) ([Table 2](#t2-vhrm-13-255){ref-type="table"}).

Discussion
==========

The objective of the present study was to investigate whether MPV levels could be an indicator of CSF. The results demonstrated that MPV levels were significantly higher in patients with CSF. İn the present study, we found higher MPV values in the CSF group compared to the NCA group (*p*\<0.001) ([Table 1](#t1-vhrm-13-255){ref-type="table"}, [Figure 1](#f1-vhrm-13-255){ref-type="fig"}). Furthermore, it was shown that MPV levels were independent predictors of CSF (β=−600, *p*\<0.001, 95% CI: −0.383 to −0.176) ([Table 2](#t2-vhrm-13-255){ref-type="table"}).

During CAG, the CSF phenomenon is observed as delayed distal vessel opacification in the absence of significant coronary stenosis. The mechanism of this angiographic clinical entity remains unknown, although several hypotheses have been proposed, including inflammation, endothelial dysfunction, changes in blood rheological properties, increased uric acid, and conditions associated with atherosclerotic risk factors.[@b23-vhrm-13-255] The cellular components of the blood in patients with CSF have not been evaluated comprehensively.

Platelet function can be affected by several factors, such as platelet count, size, density, platelet age, higher granule count, and adhesion receptor expression, as well as a higher MPV. MPV appears to correlate more closely with platelet function than does platelet count alone.[@b24-vhrm-13-255] In previous reports, the following methods were used to analyze platelet activation: optical aggregometry, platelet function analysis using a PFA-100 system, platelet reactivity tests, platelet aggregate ratio measurements, flow cytometry, and thromboxane B2 generation tests.[@b25-vhrm-13-255] All of these tests are of limited use due to complex pre-analytic factors, reduced specificity, and poor reproducibility. MPV is a simple marker that does not require advanced or expensive technology. However, it may reflect platelet function and activity and may indirectly reflect platelet production and stimulation; therefore, elevated MPV values may indicate cardiovascular diseases.[@b17-vhrm-13-255]

High MPV levels were reported in studies conducted in individuals with coronary heart disease.[@b26-vhrm-13-255] In addition to endothelial adhesion and aggregation, platelet activation in turn activates the inflammatory process by interacting with WBCs.[@b27-vhrm-13-255] Platelet activation and platelet--WBC interaction play significant roles in atherothrombotic diseases.[@b28-vhrm-13-255] Platelets also play an important role in the pathogenesis of atherosclerotic complications and thrombus formation. Platelet size measured as MPV is a good indicator of specific platelet activation such as platelet aggregation, TxA2, platelet factor 4, and thromboglobulin release.[@b29-vhrm-13-255],[@b30-vhrm-13-255] Platelet volume is determined by megakaryocytes in thrombosis because large platelets are created by the disintegration of large megakaryocytes. Several studies claim that there is a correlation between platelet volumes and functions. There are also publications reporting that platelets with large volumes are more active than those with a small volume and thus could be an indicator of risk for acute coronary syndrome.[@b31-vhrm-13-255]

Although it is considered that cases with chest pain and CSF generally have a good prognosis, continuation of the symptoms, and possibility of candidacy for acute coronary syndrome, they are not considered totally benign.[@b32-vhrm-13-255]--[@b34-vhrm-13-255] Although it has been reported that myocardial infarction could develop in cases with CSF, it is still unknown if CSF has an effect that increases thrombosis.[@b35-vhrm-13-255] Furthermore, it has been demonstrated that coronary flow could revert to normal with dipyridamole treatment.[@b36-vhrm-13-255]

In our study, which was conducted in the light of above mentioned information, we found higher MPV values in the CSF group compared to the NCA group (*p*\<0.001) ([Table 1](#t1-vhrm-13-255){ref-type="table"}, [Figure 1](#f1-vhrm-13-255){ref-type="fig"}). It was demonstrated that atherosclerosis risk factors were correlated with increase in MPV.[@b37-vhrm-13-255],[@b38-vhrm-13-255] In the present study, although HT, DM, smoking, and average age were higher in the CSF group than in the control group, patient populations in both groups were statistically similar with respect to these risk factors. On the other hand, triglycerides levels were moderately elevated in both groups, and the two groups did not differ with respect to triglycerides levels or HL risk. This situation may be attributed to the limited number of patients, genetic features, or eating habits of our region's people. Higher MPV values in the CSF group observed in this study support the premise that high MPV values could indicate atherosclerotic heart diseases.[@b26-vhrm-13-255] It has been suggested that endothelial and microvascular dysfunctions are responsible for CSF.[@b2-vhrm-13-255],[@b3-vhrm-13-255] Histopathologic studies have demonstrated that the inflammatory process has an important role in CSF.[@b4-vhrm-13-255],[@b39-vhrm-13-255] In addition, it must be remembered that platelet function disorder is one of the reasons behind CSF.[@b40-vhrm-13-255] CSF pattern causes thrombus and therefore distal embolism or myocardial infarction may occur.[@b32-vhrm-13-255],[@b34-vhrm-13-255],[@b35-vhrm-13-255] High MPV levels have been reported in connection with acute coronary syndrome as well.[@b31-vhrm-13-255] The high MPV levels observed in this study might support the suggestion that thrombus formation, distal embolism, and acute vascular events may occur in CSF. Finally, our study might suggest that using antiplatelet treatment in CSF to prevent distal embolism (or microvascular embolism) may be helpful in decreasing chest pain and hospitalization. Further comprehensive and long-term studies are needed to clarify this issue.

Limitations of the study
------------------------

There are a few limitations of the present study. Primarily, the study was conducted with a limited number of patients. Secondly, assessment of CSF patients diagnosed with CSF using angiography was carried out visually. However, intra-vascular ultrasound and autopsy studies in patients diagnosed with CSF evidenced the existence of wide atherosclerotic plaques. Thus, another limitation of the present study was the inability to use intravascular ultrasound.

Conclusion
==========

The present study demonstrated that MPV levels in CSF patients were higher than in NCA patients. Furthermore, the study results show that MPV level was an independent predictive parameter in CSF pathogenesis. Thus, antiplatelet treatment may be essential in CSF.
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![Comparison of MPV between CSF and NCA.\
**Abbreviations:** CSF, coronary slow flow; MPV, mean platelet volume; NCA, normal coronary anatomy.](vhrm-13-255Fig1){#f1-vhrm-13-255}

![MPV ROC analysis between CSF and NCA groups.\
**Notes:** AUC: 0.825, 95% CI: 0.726--0.924, *p*\<0.0001; specificity: 77.5; sensitivity: 77.5; cutoff: \>9.05.\
**Abbreviations:** AUC, area under the curve; CI, confidence interval; CSF, coronary slow flow; MPV, mean platelet volume; NCA, normal coronary anatomy; ROC, receiver operating characteristics.](vhrm-13-255Fig2){#f2-vhrm-13-255}

###### 

Intergroup comparison of demographical data

                                    CSF                 Control             *p*-value
  --------------------------------- ------------------- ------------------- -------------------------------------------------
  Gender (male/female)              20/20               19/21               0.90
  Age (years)                       54.5±8.7            52.4±10.6           0.3
  Hypertension, n (%)               17 (42.5)           9 (22.5)            0.1
  Diabetes mellitus, n (%)          6 (15)              3 (7.5)             0.5
  Smoking, n (%)                    10 (25)             8 (20.0)            0.8
  Hyperlipidemia, n (%)             12 (30)             11(27.5)            1.00
  Platelet (10^3^/mm^3^)            257±61              257±53              1
  Mean platelet volume (fL)         10.0±1.3            8.6±0.6             \<0.001
  White blood cell (10^3^/mm^3^)    7.3±1.8             6.6±1.8             0.1
  Hematocrit (%)                    42.3±4.0            40.8±3.6            0.07
  Hemoglobin (g/dL)                 14.0 (12.9--15.3)   13.9 (12.3--14.7)   0.3[\*](#tfn1-vhrm-13-255){ref-type="table-fn"}
  Low-density lipoprotein (mg/dL)   109.4±30.0          120.1±48.7          0.2
  Triglycerides (mg/dL)             160.0±81.2          188.5±88.7          0.1
  Glucose (mg/dL)                   100 (92--115)       99 (92--112)        0.8[\*](#tfn1-vhrm-13-255){ref-type="table-fn"}
  Sodium (mmol/L)                   138.8±3.2           140.1±2.7           0.7
  Potassium (meq/L)                 4.2±0.4             4.2±0.4             0.4
  Urea (mg/dL)                      35.5 (31.0--43.5)   36 (35--39)         0.9[\*](#tfn1-vhrm-13-255){ref-type="table-fn"}
  Creatinine (mg/dL)                0.85±0.20           0.83±0.16           0.7

**Notes:**

Mann--Whitney *U* test. Values shown as n/n, mean ± standard deviation, n (%), median (interquartile range). Control: normal coronary artery.

**Abbreviation:** CSF, coronary slow flow.

###### 

Multivariate logistic regression analysis results for CSF

            *β*      *p*-value   95% Confidence interval   
  --------- -------- ----------- ------------------------- --------
  Age       0.02     0.989       −0.012                    0.012
  MPV       −0.600   \<0.001     −0.383                    −0.176
  WBC       −0.051   0.63        −0.075                    0.046
  Htc       −0.182   0.011       −0.054                    0.006
  LDL       0.023    0.84        −0.002                    0.003
  Glucose   0.051    0.63        −0.004                    0.006
  K         −0.004   0.96        −0.267                    0.278
  Urea      0.128    0.24        −0.006                    0.022

**Abbreviations:** CSF, coronary slow flow; Htc, high total cholesterol; K, potassium; LDL, low-density lipoprotein; MPV, mean platelet volume; WBC, white blood cell.
